
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

50
6 

52
9

B
1

TEPZZ_5Z65 9B_T
(11) EP 1 506 529 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.03.2019 Bulletin 2019/10

(21) Application number: 03726893.5

(22) Date of filing: 16.05.2003

(51) Int Cl.:
G06T 15/20 (2011.01)

(86) International application number: 
PCT/US2003/015516

(87) International publication number: 
WO 2003/100727 (04.12.2003 Gazette 2003/49)

(54) STREAMING OF IMAGES WITH DEPTH FOR THREE-DIMENSIONAL GRAPHICS

ÜBERTRAGUNG VON BILDERN MIT TIEFENINFORMATION FÜR DREIDIMENSIONALE 
GRAPHIKDARSTELLUNGEN

TRANSMISSION EN CONTINU D’IMAGES AFFECTEES DE PROFONDEUR DESTINEES A DES 
ELEMENTS GRAPHIQUES TRIDIMENSIONNELS

(84) Designated Contracting States: 
DE

(30) Priority: 23.05.2002 US 152901

(43) Date of publication of application: 
16.02.2005 Bulletin 2005/07

(73) Proprietor: QUALCOMM Incorporated
San Diego, CA 92121 (US)

(72) Inventor: GELB, Daniel, G.
Redwood City, CA 94061 (US)

(74) Representative: Wagner & Geyer
Partnerschaft 
Patent- und Rechtsanwälte 
Gewürzmühlstrasse 5
80538 München (DE)

(56) References cited:  
• COHEN-OR D: "Model-based view-extrapolation 

for interactive VR Web-systems" COMPUTER 
GRAPHICS INTERNATIONAL, 1997. 
PROCEEDINGS HASSELT AND DIEPENBEEK, 
BELGIUM 23-27 JUNE 1997, LOS ALAMITOS, CA, 
USA,IEEE COMPUT. SOC, US, 23 June 1997 
(1997-06-23), pages 104-112,248, XP010232308 
ISBN: 0-8186-7825-9

• YOON I ET AL: "Compression of computer 
graphics images with image-based rendering" 
MULTIMEDIA COMPUTING AND NETWORKING. 
PROCEEDINGS OF THE SPIE, XX, XX, vol. 3654, 
25 January 1999 (1999-01-25), pages 66-75, 
XP002247634

• TZE-KIN LAO ET AL: "Automatic generation of 
virtual environment from vertical panoramic 
image" PROCEEDINGS OF THE INTERNATIONAL 
CONFERENCE ON IMAGING SCIENCE, 
SYSTEMS, AND TECHNOLOGY. CISST’2000, LAS 
VEGAS, NV, USA, 26-29 JUNE 2000, pages 
373-379 vol.2, XP002270433 2000, Athens, GA, 
USA, CSREA Press - Univ. Georgia, USA ISBN: 
1-892512-55-6

• SHADE J ET AL: "Layered depth images" 
COMPUTER GRAPHICS. PROCEEDINGS OF 
SIGGRAPH 98: 25TH INTERNATIONAL 
CONFERENCE ON COMPUTER GRAPHICS AND 
INTERACTIVE TECHNIQUES, ORLANDO, FL, 
USA, 19-24 JULY 1998, pages 231-242, 
XP002270434 1998, New York, NY, USA, ACM, 
USA ISBN: 0-89791-999-8

• KANEKO T ET AL: "View interpolation with range 
data for navigation applications" 
PROCEEDINGS. COMPUTER GRAPHICS 
INTERNATIONAL (CAT. NO.96TB100030), 
PROCEEDINGS OF CG INTERNATIONAL ’96, 
POHANG, SOUTH KOREA, 24-28 JUNE 1996, 
pages 90-95, XP002270435 1996, Los Alamitos, 
CA, USA, IEEE Comput. Soc. Press, USA ISBN: 
0-8186-7518-7



EP 1 506 529 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The technical field is graphics processing and
display systems, particularly systems that render three
dimensional models and objects.

Background

[0002] In a conventional client-server architecture, a
remote server may store a three dimensional (3D) model
of an object and may deliver various views of the 3D
model to connected clients. The delivered 3D model
views may contain data necessary to render a two di-
mensional image of the 3D model at the client. The client
then renders and displays the 2D image, and supports
user interactions with the 3D model. Such user interac-
tion may include rotating and translating the 3D model,
for example, so that different 2D images of the 3D model
are displayed. For complex models, a large amount of
data may be needed to describe the model’s geometric
properties so that an image may be rendered at the client.
Should the user desire to change views of the object (e.g.,
rotate the object 90 degrees to the right), the server must
send a new set of model data to the client for rendering
and display as a new image. Because of bandwidth lim-
itations between the server and the client, and possibly
processing limitations at the client, the rendering and dis-
play of the new image may be delayed considerably. As
a result, the user’s perception of an interactive graphics
session is detrimentally affected.
[0003] One solution to this long-latency problem is pro-
posed in U.S. patent 6,222,551 B1 to Schneider et al.
Here, a server side apparatus renders a selected number
of views of an object, and transmits the selected views
to the client for display. The client maps the selected
views onto facets of the object, and then displays the
rendered object, one or more facets at a time. One limi-
tation with this system is that the user is limited to viewing
only those precise views that were transmitted to the cli-
ent and mapped to the object. Thus, for example, the
user may be restricted to viewing six sides of a cubical
object, with the point of view of each facet of the cubical
object at a center of the six facets. The user cannot sub-
sequently rotate or translate the object to alter the view
by, for example, 30 degrees left or right.
[0004] Another solution to 3D image rendering is de-
scribed in U.S. patent 6,111,582 to Jenkins. Here, a tech-
nique of primitive reprojection is used in which convex
graphics primitives are reprojected elements. Elements
known to be visible in a previous frame are first deter-
mined by transformation and depth-comparison rasteri-
zation of the elements. Regions of the image that may
contain newly visible elements are located by occlusion-
exposure transitions in a depth (z) buffer and from incre-
mental view volume motion. In these regions, a depth-
prioritized data-access method of spatial ray casting is

used to identify newly-identified primitives for rasteriza-
tion. The server-client system uses visibility event encod-
ing in which data representing newly visible and newly
invisible primitives for each frame are transmitted to the
client for display.
[0005] A further solution is described in Cohen-Or, D.:
"Model-Based View-Extrapolation for Interactive VR
Web-Systems", Proceedings Computer Graphics Inter-
national, Hasselt and Diepenbeek, Belgium 23-27 June,
1997, pp.104-112, XP10232308. It describes a client-
server system for interaction with complex virtual worlds
on the web. The client extrapolates new views based on
locally available data which includes previous images,
camera position and range data. Since the client cannot
extrapolate the exact new view, the server needs to trans-
mit the difference image between the client-approximat-
ed view and the exact new view.

Summary

[0006] An apparatus, executing on a server or similar
machine and a client machine, and a corresponding
method, includes mechanisms for rendering a two-di-
mensional image of a three-dimensional object, and
streaming the thus-rendered image to the client machine.
The mechanisms include a rendering module that gen-
erates a first image, from a first point of view, having a
plurality of pixels, as first image data for display on the
client machine, and generates first depth information for
one or more of the plurality of pixels, and a compression
module that compresses the first image data and the first
depth information, wherein the first image data and the
first depth information are provided to the client machine.
A user input coupled to the rendering module provides
for a command to the rendering module to change a point
of view from the first point of view to a second point of
view, wherein the rendering module generates a second
image, as second image data, from the second point of
view, the second image including second depth informa-
tion for one or more pixels comprising the second image.
The second image data and the second depth informa-
tion are then provided to the client machine.
[0007] The client machine includes a decompression
module that receives compressed image data, the com-
pressed image data including depth information related
to one or more pixels comprising the three-dimensional
representation, and decompresses the compressed im-
age data; a display module that displays the generated
images, wherein a first image is displayed; and a warp
module that generates an interim image for display based
on the image data, including the depth information, and
a second point of view.
[0008] In an embodiment, all or part of the apparatus
may be implemented in a computer-readble medium, in-
cluding magnetic and optical data storage devices, for
example.
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Description of the Drawings

[0009] The detailed description will refer to the follow-
ing figures, in which like numbers refer to like elements,
and in which:

Figure 1 is a diagram of a prior art server-client ar-
chitecture for rendering three-dimensional models
of objects;
Figures 2A and 2B are diagrams of an improved serv-
er-client architecture for rendering three-dimension-
al models of objects;
Figures 3A and 3B illustrate an example of streaming
image data with depth;
Figure 4 illustrates an image representing a body of
revolution surrounding a user’s point of view; and
Figures 5A and 5B are flowcharts illustrating opera-
tions of the server-client architecture of Figures 2A
and 2B.

Detailed Description

[0010] A method and a mechanism are described here-
in that provided enhanced image rendering in a client-
server architecture, and allow streaming of image data
rendered at a server for display at a client. Figure 1 illus-
trates a typical prior art architecture 10 in which a three
dimensional (3D) object is modeled on a server 20 for
display at a client 30. The server 20 and the client 30
may communicate using a digital data network 40. The
server 20 may include a rendering module 22 and a com-
pression module 24. The client 30 may include a decom-
pression module 32 and a display module 34. The display
module 34 may include any of a number of known display
devices, including a flat panel display and a cathode ray
tube, for example. A user may interface with the client
30 and the server 20 using a user input device 50. The
user input device may include mechanisms such as a
keyboard, a pointing device, and other known user input
devices.
[0011] In a typical scenario, the server 20 provides an
object that is modeled as a 3D model and rendered at
the server 20 to create a digital file containing information
related to each pixel comprising the 3D model. The user
wishing to view the 3D model uses the client 30 to com-
municate with the server 20. Alternatively, the user may
communicate with the server 20 using an alternate path
that bypasses the client 30. The user may indicate a spe-
cific "view" of the 3D object that the user wishes to have
displayed at the client 30. The server 20 then constructs
(renders) the desired view, typically compresses the data
representing the desired view, and sends the thus-ren-
dered 2D view to the client 30. The client 30 decompress-
es the data, and displays the 2D view on the display 34.
[0012] Should the user desire to view the 3D object
from another perspective, the user must communicate
the perspective to the server 20, which will then render
a new 2D view, and send the data corresponding to the

new view to the client 30. Unfortunately, the time involved
in rendering the new 2D view and receiving the data cor-
responding to the new 2D view may be relatively long,
compared to the time to make the request for the new
view, such that the changes do not appear to the user to
be occurring in real time. In many applications, this la-
tency in updating the rendered image due to changes in
viewpoint can detract considerably from the viewing ex-
perience.
[0013] Figure 2A illustrates an improved 3D image ar-
chitecture 100 that eliminates the round trip latency nor-
mally experienced with prior art client-server graphics
architectures. The architecture 100 includes a server 120
having a rendering module 122 and a compression mod-
ule 124. Also shown is a buffer 126 that may include a
depth section 128. Use of the buffer 126 will be described
in detail later. The server 120 is coupled to one or more
clients, such as client 130 using a digital data transmis-
sion network 140. The network 140 may be any network
capable of transmitting digital data, including, for exam-
ple, the Internet. The client 130 includes a decompres-
sion module 132, a display module 134, and a warp mod-
ule 133. The decompression module 132, display module
134, and warp module 133 may be provided as program-
ming on a computer-readable medium 135. Such com-
puter-readable medium 135 may be magnetic or optical
storage, or any other computer-readable medium. The
display module 134 may be operably coupled to a display
136, which may be a flat panel display, for example, on
which a two dimensional representation of the 3D model
is displayed. The decompression module 132 decom-
presses digital files sent from the server 120. The use of
the warp module 133 will be described in detail later. A
user may communicate with the client 130 and the server
120 using a user input device 150. The user input device
150 may include mechanisms for communicating directly
with the client 130, including a keyboard, a pointing de-
vice such as a mouse, and speech recognition software,
for example. In communicating with the server 120, the
user input device 150 may use the client 130, or may
communicate directly with the server 120 using the net-
work 140 as shown.
[0014] In the server 120, the rendering module 122
serves to generate data representing a specific 2D view
or image of a 3D object. The data representing the thus-
rendered 2D image may then be compressed as a 2D
image data file using standard compression techniques
in the compression module 124 before transmission of
the 2D image data file to the client 130. Upon receipt of
an initial 2D image data file, the decompression module
132 may decompress the data. The thus-decompressed
2D image data is provided to the display module 134,
which generates a 2D display for presentation on the
display 136.
[0015] The buffer 126 may be used to store com-
pressed and decompressed image data, including pixel
depth information. The pixel depth information may be
stored in the depth section 128 of the buffer 126. The
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depth section 128 may be controlled to store only the
pixel depth information for a most recently generated 2D
view. As subsequent views are generated, the pixel depth
information in the depth section 128 may be updated.
[0016] In sending the generated 2D image data to the
client 130, the server 120 also generates and sends to
the client 130 additional information related to each or
most pixels in the 2D image. For example, using a first
viewpoint, the rendering module 122 may generate the
2D image, specifying pixel location, color, and other pixel
characteristics for some or all pixels in the 3D model.
Such data allow the display module 134 at the client 130
to recreate the 2D image as it appears from the first view-
point on the display 136. However, the rendering module
122 also determines additional pixel information that may
be provided with the generated 2D image. For example,
the rendering module 122 may generate depth informa-
tion for every pixel in the generated 2D image.
[0017] Figure 2B is a block diagram of one possible
implementation of the warp module 133. The warp mod-
ule 133 includes means for storing image data, including
pixel depth information. Such means may be embodied
as a section of memory 161 in the client 130. The warp
module 133 may further include a translator 163 that de-
termines a transformation between pixels in a first point
of view and pixels in a second point of view. The trans-
formation may then be provided to a position correction
module 165 that applies the transformation to one or
more pixels in a first 2D image to locate the thus-correct-
ed pixels in an interim 2D image. Also included in the
warp module 133 may be an error correction module 167
that executes various image correction routines when
generating the interim 2D image. The error correction
module 167 may include an inclusion submodule 169
that provides interim image pixel data for image areas
visible in the interim 2D image that were not visible in the
first 2D image. At least two routines may be executed by
the inclusion submodule 169. A layering routine 171 re-
lies on additional pixel information provided by the ren-
dering module 122. The additional pixel information re-
lates to pixels in the 3D model that would not be visible
in the first 2D image because of the perspective offered
from the first viewpoint. For example, the rendering mod-
ule 122 could provide pixel depth information, pixel color,
and other pixel information for a specific number of pixels
that would become visible should the first point of view
translate so that the 3D object appears to rotate left or
right 30 degrees. Alternatively, an averaging routine 173
may use pixel information for pixels adjacent to an area
not visible in the first 2D image to use for pixels in an
area that becomes visible in the interim 2D image. For
example, the averaging routine 173 may use pixel depth
and color information for a specific number of pixels ad-
jacent to the newly visible area, and apply the pixel depth
and color information to pixels that would be present in
the newly visible area.
[0018] The error correction module 167 may also in-
clude a pixel effects submodule 175 that provides for

pixel correction in the interim 2D image as the point of
view changes. For example, should the point of view
change such that the 3D object appears to rotate 30 de-
grees to the right, certain pixels that are in the first 2D
image, and that remain in the interim 2D image may be
affected by a change in reflected light. This and other
pixel effect may be accounted for by various routines
executed by the pixel effects submodule 175.
[0019] Figures 3A and 3B illustrate the manner in which
pixel information may be generated by the rendering
module 122. Figure 3A is a top view of 3D objects 200
(a cube) and 220 (a sphere). Figure 3B is a front per-
spective view of the cube 200 and the sphere 220. The
cube 200 includes center 211 and corners (vertices) 212
- 215 (Figure 3A); and faces 216 and 217 (Figure 3B).
The sphere 220 includes center 231 and circumference
232 (Figure 3A).
[0020] Referring to Figure 3A, a user first "observes"
the objects 200 and 220 from point of view PV1. From
PV1, only the cube 200 is visible, with sight lines 201 and
202 emanating from PV1 and terminating at the corners
212 and 213 to form an equilateral triangle as shown.
Thus, when rendered as a 2D image on the display 136,
the cube 200 will appear as a square (face 216 - Figure
3B) as seen from PV1. To generate the 2D image rep-
resenting the face 216 of the cube 200, the rendering
module 122 will create a digital file containing pixel infor-
mation for some or all pixels comprising the face 216.
Such pixel information may include a location of the pixel
on the face 216, pixel color, luminance, and other pixel
information needed to render the 2D image. The render-
ing module 122 may also generate depth information, or
other information that may be used at the client to facil-
itate regeneration of the 2D image from a point of view
other than PV1. For example, the rendering module 122
may provide digital data (e.g., a transform vector) related
to the distance and angular displacement of each pixel
from PV1. The thus-generated depth information is
stored in the depth section 128 of the buffer 126. The
depth information may also be provided to the client 130
along with other digital data comprising the 2D image.
[0021] Should the user desire to view the objects (the
cube 200 and the sphere 220) from another perspective,
the user could, for example, specify that the objects be
shown from the point of view PV2 as shown in Figure 3A.
From PV2, both the cube 200 and the sphere 220 are,
at least, partly visible. However, the cube 200 will appear
in a different perspective that than seen from PV1. The
difference is due in part to the apparent rotation of the
cube 200 as the point of view shifts from PV1 to PV2.
The difference may also be due in part to the presence
of the sphere 220. For example, the sphere 220 may
cause light to reflect off the cube 200 in a manner that
would not occur in the absence of the sphere 220. In
addition, certain characteristics of the 2D image as seen
from PV1 may change as the view point shifts. For ex-
ample, if the surface of the cube 200 is shiny, shifting the
point of view from PV1 to PV2 may cause light to reflect
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off the cube 200 surface in a manner that varies with the
change in view point.
[0022] To render the objects 200 and 220 from the point
of view PV2, the rendering module 122 may send the
client 130 a complete digital data file of the objects 200
and 220 as they appear from PV2. The display module
134 then generates a new 2D image of the cube 200 and
sphere 220. The rendering module 122 may also send
additional information such as depth information (dis-
tance and angular displacement from PV2, for example).
However, due to bandwidth limitations, and other factors,
a noticeable delay may be observed at the client 130 if
the 2D image of the objects (the cube 200 and the sphere
220) were rendered based solely on the digital data gen-
erated from PV2. To enhance the image generation at
the client 130, the digital data file received at the client
130, and corresponding to the first 2D image (i.e., the 2D
image as seen from PV1) may be adjusted taking into
account the change in position of the point of view from
PV1 to PV2. That is, for each pixel on the face 216, the
2D image may be adjusted to account for the difference
in distance and angular displacement of the pixel from
PV1 to PV2. This change in the displayed 2D image may
be accommodated by the warp module 133. That is, the
warp module 133 makes the above-described adjust-
ments to the 2D image, and the display module 134 then
displays the adjusted image on the display 136 as an
"interim" 2D image. However, the movement of the point
of view from PV1 to PV2 may generate errors in the in-
terim 2D image. For example, the interim 2D image may
not include any portion of the sphere 220, and may not
include any affects the presence of the sphere 220 may
have on the cube 200. Subsequent to generation of the
interim 2D image, the client 130 may receive from the
server 120 the 2D image data as seen from PV2, decom-
press the 2D image data file, and overwrite the 2D image
data corresponding to the interim 2D image to create a
final version of the 2D image as seen from PV2.
[0023] To allow the client 130 to generate an interim,
or "warped" image, the server 120, as noted above, pro-
vides the client with data related to the depth of the 3D
objects from a specific point of view. This output (i.e., the
depth information) of the 3D rendering process executed
by the rendering module 122 is saved in the client 130
and may be input to the warp module 133, where the
depth information is used in a warp algorithm to generate
the 2D interim image. The warp algorithm may simply
compare the relative displacement between the first point
of view (e.g., PV1) and the next point of view (e.g., PV2)
in order to generate the 2D interim image. Also as noted
above, use of the warp algorithm may result in errors in
the 2D interim image. To overcome such errors, improve-
ments may be made to the manner in which the rendering
module collects digital data from the 3D model, and in
the way the warp algorithm applies the digital data to
generate the 2D interim image. For example, the render-
ing module 122 may generate, in addition to pixel location
and color information, additional information related to

material properties of the 3D object at a particular point
on the 3D object, such as how the particular point reacts
to light changes, for example. Another correction factor
to the 2D interim image may use data from objects, or
portions of objects, that would not normally be visible
from a specific view point. Using the example shown in
Figure 3A, the rendering module 122 may generate in-
formation layers corresponding to portions of the sphere
220 that would not normally be seen from PV1. This lay-
ered pixel information could then be used by the warp
module 133 to generate the 2D interim image should the
user specify another point of view.
[0024] The server-client architecture shown in Figure
2A may also be used to reduce processing work at the
server 120 when multiple users desire to view the same
3D object. In particular, the rendering module 122 may
generate a first 2D image based on a first view point, and
may then rely on the rendering on the warp algorithm to
adjust the 2D image to suit the view points of one or more
additional users.
[0025] As noted above, the data file corresponding to
a 2D image may be compressed by the compression
module 124, and decompressed at the client 130 using
the decompression module 132. Similarly, depth infor-
mation related to pixels in the 2D image may be com-
pressed for transmission to the client 130. The depth in-
formation may be combined in the same data file as the
image data, or may be provided in a separate file.
[0026] The 2D image described above may be re-
placed with a more complex image using similar tech-
niques as those illustrated in Figures 3A and 3B. Figure
4 illustrates such a scenario in which a user at PV3 ap-
pears to be surrounded by an infinite cylinder 300 repre-
senting a digital image generated by the rendering mod-
ule 122. That is, instead of generating a planar (2D) im-
age, the rendering module 122 generates an image in
the form of the cylinder 300. The user at PV3 is then able
to view a section 302 of the cylinder 300 by specifying a
radial displacement φ from a reference point 301. Similar
to the cylinder 300, the rendering module 122 may gen-
erate a spherical image that surrounds the user. As might
be expected, either the cylindrical image or the spherical
image may constitute a much larger data file than that
associated with the planar image. However, use of the
cylindrical image or the spherical image allows the user
to change a point of view without the need for additional
computation by the warp module 133. By adding depth
information to the cylindrical or spherical images, the user
is then able to translate the point of view, in addition to
merely rotating the point of view. That is, instead of only
rotating PV3, the user may specify a new view point PV4
that is translated by a distance X from PV3. The warp
module 133 will use the depth information related to the
cylinder 300 (or sphere) to render a new image for dis-
play. Since the cylinder 300 (or the sphere) is a complete
image, the client 130 will not need to receive updated
image data from the server 120, and the image generated
by the warp module 133 will be a final image.
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[0027] The concept of the cylindrical and spherical im-
ages may be extended to other 3D bodies, such as a
cube or a tetrahedron, for example.
[0028] In yet another embodiment of the 3D image ar-
chitecture 300, the rendering module 122 does not record
depth information for each pixel in the planar, 2D image.
Instead, pixels with common features may be grouped
together, and only data related to the group need be gen-
erated. For example, pixels with the same depth can be
grouped, and a single depth value stored for the group.
By such a grouping process, the amount of data that is
transmitted from the server 120 to the client 130 may be
reduced.
[0029] The server 120 may also accommodate dynam-
ic imaging, or movement of all or part of the 2D image.
For example, a group of pixels 240 may represent a mov-
able portion of the face 216 of the cube 200 (Figure 3A).
A movement vector 241 may be associated with the pixel
group 240 showing the relative motion of the pixel group
240, assuming the known direction and distance of move-
ment is known, or can be predicted accurately. The pixel
group 240 may be shown to move when the user remains
at PV1 and/or when the user shifts the point of view to
PV2. The movement of the pixel group 240 may be rep-
resented as a part of the interim 2D image generated by
the warp module 133. When the final 2D image is ren-
dered by the rendering module 122, an actual final posi-
tion 242 of the pixel group 240 may be accurately repre-
sented.
[0030] Figures 5A and 5B are flowcharts illustrating im-
age streaming operations 400 and 500 of the server-cli-
ent architecture 100 of Figures 2A and 2B. In Figure 5A,
the operation 400 starts at block 405. In block 410, the
client 130 displays a base image rendered by the server
130. In block 415, the user interface 150 sends a first
viewpoint selection to the server 120 and the warp mod-
ule 133. In block 420, the client 130 receives a com-
pressed digital information file from the server 120 con-
taining pixel information, including pixel depth informa-
tion. In block 425, the decompression module 132 de-
compresses the image file and the display module 134
displays the first 2D image. In block 430, the user inter-
face provides a second viewpoint selection to the server
120 and the warp module 133. In block 435, the warp
module applies a warp algorithm to generate an interim
2D image based on the first 2D image and the pixel depth
information. The warp module 133 may also execute var-
ious correction routines to enhance the accuracy of the
interim 2D image. In block 440, the client 130 receives
the second 2D image file from the server 120, and in
block 445, the decompression module 132 decompress-
es the second 2D image file, the warp module 133 over-
writes the received second 2D image over the interim 2D
image, and the display module 134 displays the second
2D image.
[0031] The operation 500 shown in Figure 5B starts at
block 505. In block 510, the server 120 provides the base
image to the client 130. In block 515, the server 120 re-

ceives the first viewpoint selection from the user interface
150. In block 520, the rendering module 122 renders a
2D image and generates pixel depth information. The
thus generated data are stored in the buffer 126. In block
525, the compression module 124 compresses the image
data and the depth information, and sends the com-
pressed image file to the client 130. In block 530, the
server 120 receives a second viewpoint selection. The
operation 500 then returns to block 520.

Claims

1. An apparatus (100) for generating images for display
based on first image data from a first point of view
and based on second image data from a second
point of view of a three-dimensional representation
of an object, the apparatus comprising:

a decompression module (132) that receives
compressed image data, the compressed image
data including depth information related to one
or more pixels comprising the three-dimensional
representation, and decompresses the com-
pressed image data, wherein the compressed
image data includes data from objects, or por-
tions of objects, that are not visible from the point
of view corresponding to the respective image,
and additional information related to material
properties of the 3D object at a particular point
on the 3D object;
a display module (134) that displays the gener-
ated images, wherein a first image is generated
based on the first image data and wherein the
first image is displayed; and
a warp module (133) configured for generating,
prior to obtaining the second image data, an in-
terim image that approximates the second im-
age for display based on the first image data,
including the depth information, the data from
objects, or portions of objects, that are not visible
from the first point of view, and the additional
information, and a second point of view, wherein
the second image data overwrites the image da-
ta corresponding to the interim image and
wherein the second image generated based on
the second image data is displayed at the dis-
play module (134) and wherein the warp module
(133) comprises:

a point of view translator (163) that derives
a transformation from pixels from the first
point of view to pixels from the second point
of view; and
a position correction module (165) that ap-
plies the transformation to one or more of
the one or more pixels to generate interim
pixel data, the interim pixel data being usa-
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ble to generate the interim image.

2. The apparatus of claim 1, wherein the user input pro-
vides point of view information to the warp module
(133).

3. The apparatus of claim 1, wherein the first image
and the second image are planar images.

4. The apparatus of claim 1, wherein the first image
and the second image are sections of three dimen-
sional images, including one of a cylinder, a sphere,
and a cube.

5. The apparatus of claim 1, wherein the plurality of
pixels are arranged into a plurality of pixel groups,
each of the pixels in a pixel group having a common
feature, wherein a common feature includes depth
information.

6. A method for generating images for display based
on first image data from a first point of view and based
on second image data from a second point of view
of a three-dimensional representation of an object,
the method, comprising:

receiving compressed image data, the com-
pressed image data including depth information
related to one or more pixels comprising the
three-dimensional representation, and decom-
pressing the compressed image data, wherein
the compressed image data includes data from
objects, or portions of objects, that are not visible
from the point of view corresponding to the re-
spective image, and additional information re-
lated to material properties of the 3D object at a
particular point on the 3D object;
displaying the generated images, wherein a first
image is generated based on the first image data
and wherein the first image is displayed; and
generating prior to obtaining the second image
data, an interim image that approximates the
second image for display based on the first im-
age data, including the depth information, the
data from objects, or portions of objects, that are
not visible from the first point of view, and the
additional information, and a second point of
view, wherein the second image data overwrites
the image data corresponding to the interim im-
age and wherein the second image generated
based on the second image data is displayed
and wherein the generating the interim image
comprises:

deriving a transformation from pixels from
the first point of view to pixels from the sec-
ond point of view; and
applying the transformation to one or more

of the one or more pixels to generate interim
pixel data, the interim pixel data being usa-
ble to generate the interim image.

Patentansprüche

1. Eine Vorrichtung (100) zum Generieren von Bildern
zur Anzeige basierend auf ersten Bilddaten von ei-
nem ersten Betrachtungspunkt bzw. aus einer ers-
ten Perspektive und basierend auf zweiten Bilddaten
aus einer zweiten Perspektive einer dreidimensio-
nalen Darstellung eines Objektes, wobei die Vorrich-
tung Folgendes aufweist:

ein Dekomprimierungsmodul (132), das kompri-
mierte Bilddaten empfängt, wobei die kompri-
mierten Bilddaten Tiefeninformation aufweisen,
die sich auf ein oder mehrere Pixel bezieht, die
die dreidimensionale Darstellung aufweisen,
und das die komprimierten Bilddaten dekomp-
rimiert, wobei die komprimierten Bilddaten Da-
ten von Objekten oder Teilen von Objekten, die
aus der Perspektive, die dem jeweiligen Bild ent-
spricht, nicht sichtbar sind, und zusätzliche In-
formation aufweisen, die in Beziehung steht zu
Materialeigenschaften des 3D-Ojbekts an ei-
nem bestimmten Punkt auf dem 3D-Objekt;
ein Anzeigemodul (134), das die generierten Bil-
der anzeigt, wobei ein erstes Bild generiert wird
basierend auf den ersten Bilddaten und wobei
das erste Bild angezeigt wird; und
ein Warp-Modul (133), das konfiguriert ist zum
Generieren, vor Erlangen der zweiten Bilddaten,
eines Zwischenbildes, das das zweite Bild zur
Anzeige approximiert basierend auf den ersten
Bilddaten, und zwar einschließlich der Tiefenin-
formation, der Daten von Objekten oder Teilen
von Objekten, die aus der ersten Perspektive
nicht sichtbar sind und der zusätzlichen Infor-
mation und einer zweiten Perspektive, wobei die
zweiten Bilddaten die Bilddaten, die dem Zwi-
schenbild entsprechen, überschreiben und wo-
bei das zweite Bild, das basierend auf den zwei-
ten Bilddaten generiert wird, auf dem Anzeige-
modul (134) angezeigt wird und wobei das
Warp-Modul (133) Folgendes aufweist:

einen Betrachtungspunkt- bzw. Perspekti-
venumsetzer (163), der eine Transformati-
on von Pixeln aus der ersten Perspektive in
Pixel aus der zweiten Perspektive herleitet;
und
ein Positionskorrekturmodul (165), das die
Transformation auf ein oder mehrere der
ein oder mehreren Pixel anwendet zum Ge-
nerieren von Zwischenpixeldaten, wobei
die Zwischenpixeldaten verwendbar sind
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zum Generieren des Zwischenbildes.

2. Vorrichtung nach Anspruch 1, wobei die Nutzerein-
gabe Perspektiveninformation an das Warp-Modul
(133) vorsieht.

3. Vorrichtung nach Anspruch 1, wobei das erste Bild
und das das zweite Bild planare Bilder sind.

4. Vorrichtung nach Anspruch 1, wobei das erste Bild
und das zweite Bild Schnitte dreidimensionaler Bil-
der sind, die eines von einem Zylinder, einer Sphäre
und einem Kubus aufweisen.

5. Vorrichtung nach Anspruch 1, wobei die Vielzahl von
Pixeln in eine Vielzahl von Pixelgruppen angeordnet
ist, wobei jedes der Pixel in einer Pixelgruppe ein
gemeinsames Merkmal hat, wobei ein gemeinsa-
mes Merkmal Tiefeninformation aufweist.

6. Ein Verfahren zum Generieren von Bildern zur An-
zeige basierend auf ersten Bilddaten von einem ers-
ten Betrachtungspunkt bzw. aus einer ersten Pers-
pektive und basierend auf zweiten Bilddaten aus ei-
ner zweiten Perspektive einer dreidimensionalen
Darstellung eines Objektes, wobei das Verfahren
Folgendes aufweist:

Empfangen komprimierter Bilddaten, wobei die
komprimierten Bilddaten Tiefeninformation auf-
weisen, die sich auf ein oder mehrere Pixel be-
zieht, die die dreidimensionale Darstellung auf-
weisen, und Dekomprimieren der komprimier-
ten Bilddaten, wobei die komprimierten Bildda-
ten Daten von Objekten oder Teilen von Objek-
ten, die aus der Perspektive entsprechend dem
jeweiligen Bild nicht sichtbar sind, und zusätzli-
che Information aufweisen, die sich auf Materi-
aleigenschaften des 3D-Objektes an einem be-
stimmten Punkt des 3D-Objektes bezieht;
Anzeigen des generierten Bildes, wobei ein ers-
tes Bild generiert wird basierend auf den ersten
Bilddaten und wobei das erste Bild angezeigt
wird; und
Generieren, vor Erlangen der zweiten Bilddaten,
eines Zwischenbildes, das das zweite Bild zur
Anzeige approximiert basierend auf den ersten
Bilddaten, und zwar einschließlich der Tiefenin-
formation, der Daten von Objekten oder Teilen
von Objekten, die aus der ersten Perspektive
nicht sichtbar sind und der zusätzlichen Infor-
mation und einer zweiten Perspektive, wobei die
zweiten Bilddaten die Bilddaten, die dem Zwi-
schenbild entsprechen, überschreiben und wo-
bei das zweite Bild, das basierend auf den zwei-
ten Bilddaten generiert wird, angezeigt wird und
wobei das Generieren des Zwischenbildes Fol-
gendes aufweist:

Herleiten einer Transformation von Pixeln
aus der ersten Perspektive in Pixel aus der
zweiten Perspektive; und
Anwenden der Transformation auf ein oder
mehrere der ein oder mehreren Pixel zum
Generieren von Zwischenpixeldaten, wobei
die Zwischenpixeldaten verwendet werden
können zum Generieren des Zwischenbil-
des.

Revendications

1. Appareil (100) pour générer des images à afficher
sur la base de premières données d’images d’un pre-
mier point de vue et sur la base de deuxièmes don-
nées d’images d’un deuxième point de vue d’une
représentation tridimensionnelle d’un objet, l’appa-
reil comprenant :

un module de décompression (132) qui reçoit
des données d’images compressées, les don-
nées d’images compressées comprenant des
informations de profondeur relatives à un ou plu-
sieurs pixels comprenant la représentation tridi-
mensionnelle, et décompresse les données
d’images compressées, dans lequel les images
compressées incluent des données d’objets, ou
de portions d’objets, qui ne sont pas visibles de-
puis le point de vue correspondant à l’image res-
pective, et des informations supplémentaires re-
latives aux propriétés matérielles de l’objet 3D
au niveau d’un point particulier de l’objet 3D ;
un module d’affichage (134) qui affiche les ima-
ges générées, dans lequel une première image
est générée sur la base des premières données
d’images et dans lequel la première image est
affichée ; et
un module de déformation (133) configuré pour
générer, avant d’obtenir les deuxièmes données
d’images, une image intermédiaire qui approxi-
me la deuxième image à afficher sur la base des
premières données d’images, y compris les in-
formations de profondeur, les données d’objets,
ou de portions d’objets, qui ne sont pas visibles
depuis le premier point de vue, et les informa-
tions supplémentaires, et d’un deuxième point
de vue, dans lequel les deuxièmes données
d’images remplacent les données d’images cor-
respondant à l’image intermédiaire et dans le-
quel la deuxième image générée sur la base des
deuxièmes données d’images est affichée au
niveau du module d’affichage (134), le module
de déformation (133) comprenant :

un traducteur de point de vue (163) qui dé-
rive une transformation de pixels dans le
premier point de vue en pixels dans le
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deuxième point de vue ; et
un module de correction de position (165)
qui applique la transformation à un ou plu-
sieurs desdits un ou plusieurs pixels afin de
générer des données de pixels intermédiai-
res, les données de pixels intermédiaires
pouvant être utilisées pour générer l’image
intermédiaire.

2. Appareil selon la revendication 1, dans lequel l’en-
trée utilisateur fournit des informations de point de
vue au module de déformation (133).

3. Appareil selon la revendication 1, dans lequel la pre-
mière image et la deuxième image sont des images
planes.

4. Appareil selon la revendication 1, dans lequel la pre-
mière image et la deuxième image sont des sections
d’images tridimensionnelles, incluant une section
parmi celle d’un cylindre, d’une sphère et d’un cube.

5. Appareil selon la revendication 1, dans lequel la plu-
ralité de pixels est agencée en une pluralité de grou-
pes de pixels, chacun des pixels d’un groupe de
pixels ayant une caractéristique commune, une ca-
ractéristique commune comprenant des informa-
tions de profondeur.

6. Procédé pour générer des images à afficher sur la
base de premières données d’images d’un premier
point de vue et sur la base de deuxièmes données
d’images d’un deuxième point de vue d’une repré-
sentation tridimensionnelle d’un objet, l’appareil
comprenant :

la réception de données d’images compres-
sées, les données d’images compressées com-
prenant des informations de profondeur relati-
ves à un ou plusieurs pixels comprenant la re-
présentation tridimensionnelle, et la décom-
pression des données d’images compressées,
dans lequel les images compressées incluent
des données d’objets, ou de portions d’objets,
qui ne sont pas visibles depuis le point de vue
correspondant à l’image respective, et des in-
formations supplémentaires relatives aux pro-
priétés matérielles de l’objet 3D au niveau d’un
point particulier de l’objet 3D ;
l’affichage des images générées, dans lequel
une première image est générée sur la base des
premières données d’images et dans lequel la
première image est affichée ; et
la génération, avant d’obtenir les deuxièmes
données d’images, d’une image intermédiaire
qui approxime la deuxième image à afficher sur
la base des premières données d’images, y
compris les informations de profondeur, les don-

nées d’objets, ou de portions d’objets, qui ne
sont pas visibles depuis le premier point de vue,
et les informations supplémentaires, et d’un
deuxième point de vue, dans lequel les deuxiè-
mes données d’images remplacent les données
d’images correspondant à l’image intermédiaire
et dans lequel la deuxième image générée sur
la base des deuxièmes données d’images est
affichée, la génération de l’image intermédiaire
comprenant :

la dérivation d’une transformation de pixels
dans le premier point de vue en pixels dans
le deuxième point de vue ; et
l’application de la transformation à un ou
plusieurs desdits un ou plusieurs pixels afin
de générer des données de pixels intermé-
diaires, les données de pixels intermédiai-
res pouvant être utilisées pour générer
l’image intermédiaire.
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